Objectives: There are a growing number of pain self-management applications (apps) available for users to download on personal smartphones. The purpose of this study was to critically appraise the content and self-management functionality of currently available pain apps.
C hronic pain (CP) is a common condition with profound negative psychological, social, physical, and economic impacts. Pain self-management interventions providing the ability to monitor the multidimensional experience of CP, develop pain-related knowledge, learn strategies to manage symptoms, and engage in social support are needed to promote optimal health outcomes. Studies in adult [1] [2] [3] [4] and pediatric [5] [6] [7] [8] chronic illnesses have shown that comprehensive interactive face-to-face psychoeducational interventions lead to symptom reduction and improved health-related quality of life compared with care that is strictly medication focused, with a postulated mechanism being enhanced selfefficacy and empowerment over disease and symptom management. 9, 10 The content of behavioral treatment programming for pain management often varies between intervention and practitioner, but typically includes several core components that have origins in behavioral change theory. 8, 11 Common components include: training to support the mastery of selfmanagement skills and the appropriate interpretation of symptoms, as well as social persuasion and access to peer modeling. 7, 8 Peer support specifically has been shown to be important both theoretically and empirically in a health care context. 12, 13 The importance of peers lies in their ability to provide informational, appraisal, and emotional support based on their common disease experiences, which can result in improved health outcomes. 12, 14 Self-management programming for chronic conditions, such as pain, therefore often includes a component of peer-based social support. 8, 15 Evidence supporting self-management treatments in improving pain and pain-related disability in individuals with CP is strong. [6] [7] [8] Meta-analytical reviews of psychological treatments, including cognitive-behavioral therapy and coping skills training, for both children and adults have shown promising effectiveness. 11, 12, 16, 17 Still, the integration of these interventions into routine primary and tertiary care has been slow. Thus, the vast majority of patients never receive the requisite comprehensive education or skills training to promote pain self-management and enhance health-related quality of life. [18] [19] [20] [21] [22] Common barriers to accessing pain-specific education and cognitive-behavioral coping skills training include: (1) poor accessibility related to geography; (2) limited availability of trained professionals; and (3) prohibitive therapy-associated costs. 18, [20] [21] [22] Moreover, existing therapies tend to be delivered in individual or group sessions in specialty clinics by highly trained personnel, and are unsuitable for widespread distribution to community and home-based settings. 21, 22 Whereas care for CP was once strictly limited to medical environments and clinician-guided telehealth, smartphones can make health care accessible in almost any setting. 23 Further, smartphone applications (apps) can also help users to take active roles in managing their own condition at their convenience. In real time, apps can help users to access "in the moment" coping strategies, self-monitor their pain and functioning, set achievable goals related to their CP, and develop a tailored self-management plan based on personalized goals.
There are a growing number of pain self-management apps available for users to download and use on their personal mobile devices. In 2011, Rosser and Eccleston 24 identified 111 such apps. The majority of apps were designed for the iPhone (iOS) platform, with fewer being available for Android or BlackBerry operating systems. The primary app functions included education skills training (54%), self-monitoring (eg, pain diary; 24%), and relaxation training (22%). Importantly, 86% of the identified apps did not report the involvement of health care professionals in their design or evaluation of content. 24 Since the Rosser and Eccleston 24 review, which was conducted between July and August 2010, there has been a significant increase in the number of commercially available apps. In June 2012, Reynoldson et al 25 conducted an updated search of the Apple iTunes (iOS) and Google Play (Android) stores. This search only included apps that had the primary function of allowing patients to record their pain episodes (ie, self-monitoring). Apps were excluded if their intended use was limited to pain from specific conditions, such as arthritis, inflammatory bowel disease, or migraine. The authors identified 12 eligible apps, which then underwent content analysis and usability testing. This review identified a lack of user and clinician engagement in pain app development, as well as variation in clinical content, interface design, and usability. 25 To build on previous research, 24, 25 we conducted an updated scoping review, which aimed to: (1) characterize the current field of patient-focused pain self-management apps across all major smartphone platforms; (2) critically appraise the content and functionality of these apps, including self-care skill support, pain education, self-monitoring, social support, and goal-setting; and (3) identify gaps in the field to guide future pain app development.
METHODS
An electronic search was conducted between May and July 2014 of the official app stores for the 4 major smartphone operating systems: iOS (iTunes), Android (Google Play), BlackBerry OS (BlackBerry World), and Windows Phone (Windows Store). Entire stores were searched separately for the terms "pain" and "pain management" (ie, no restrictions related to store subcategories such as "health and wellness" were imposed). Results of the search were not limited by language and no date of app publication was used to restrict search results. As the indexing of apps varied greatly across app stores, we conducted a calibration exercise before app selection to verify our ability to detect pain apps. Specifically, we tested our search criteria for the ability to find pain apps that were known to be currently available in the app stores. In all cases, our search criteria identified the apps we expected to find.
Selection of Apps
Apps were included in the study if the goal of the app was the treatment or mitigation of pain and the primary intended user of the app was a person in pain. Apps were excluded if they focused only on the services offered by specific pain clinics because they were intended as advertisements for these clinics. These "clinic apps" typically included only lists of the pain management services and personnel available at the clinic and directions to the clinic rather than self-management programming. Apps were also excluded if they were classified as "e-books" by the respective app store or were judged by the reviewers as such. Two authors performed app selection independently and all discrepancies regarding selection were resolved through discussion with a third party. There was >75% agreement between authors across all app stores before third-party resolution.
Data Abstraction
Metadata from all included apps were abstracted into a standard Microsoft Excel spreadsheet. The source for all metadata was the respective app store where the app was identified. Abstracted metadata included: app name, developer (individual or organization), app description, customer rating on the day of store search (0 to 5 scale with no defined scale anchors provided by the store), number of customers, price, number of installations, and system requirements. A systematic approach to data abstraction was used. Specifically, 2 authors (J.R., A.A.) abstracted all data and 2 others (C.L. and L.A.J.) verified the data with reference to the app Web site.
Functionality Assessment
As there are currently no established guidelines regarding the content of smartphone-based pain self-management programming, we used a researcher-developed list of important self-management functionalities for the purpose of this review. This list is based on the features of pain self-management programs that have been examined for effectiveness in scientific trials. 6, 8, 26, 27 To assess the comprehensiveness of app functionality related to self-management, the following criteria were used: (1) having a pain tracking function; (2) ability to set goals related to improving pain and functioning; (3) provision of pain-related education; (4) provision of skills training related to specific pain self-care strategies; and (5) provision of social support. These components were identified based on their inclusion in face-to-face self-management programs for persons with pain, which have demonstrated effectiveness through randomized controlled trials. 8, 28 For each criterion, we assessed coverage as either "present" or "absent."
We also assessed whether a regulated health care professional had provided clinical expertise related to development of the app content and function. An app was required to reference the involvement of a health care professional listed in the Ontario Regulated Health Professions Act 29 to meet this criterion. This list contains 24 health care regulatory colleges to whom the Ontario government has endowed the capacity to regulate the practices of corresponding health care professionals to ensure safe and ethical patient care. The list includes health care professions such as physicians, nurses, physical therapists, etc. If an app claimed the input of a profession that was not listed in the Act (eg, hypnotist) in its development, we did not assess the app as having health care professional involvement.
Descriptions provided by the app store were also examined for any reference to the app being part of formal scientific research (eg, used in a cohort study, evaluated for feasibility, or effectiveness on patient, provider, or health system outcomes). The app description and corresponding developer Web site were reviewed to determine whether any specific theoretical framework had been used to guide the development of app program content (eg, theory of health behavior change). Finally, large publicly accessible scientific literature databases (ie, NCBI PubMed and Google Scholar) were searched using the app name as a query for any published research related to the app. Descriptive statistics were used to summarize the results of the content assessment.
RESULTS
Our original search across all app stores identified a total of 901 apps. Of these apps, 622 (69%) were excluded from further review based on the a priori inclusion and exclusion criteria. Primary reasons for app exclusion were: lack of ability to provide any self-management support and the intended end-user of the app being a health care provider rather than a person living with pain. Of the 279 apps included in this review, the majority (n = 179; 64.2%) were identified in the Android store, whereas remainder were identified in the Windows (n = 62; 22.2%), iTunes (n = 25; 9.0%), and BlackBerry (n = 13; 4.6%) stores, respectively (Supplementary Table, Supplemental Digital Content, http://links.lww.com/CJP/A144). A limited number of identified apps (n = 9; 3.2%) were cross-platform in nature with 5 being available in both the Android and iTunes stores, 2 available for Android and Windows, 1 available for Windows and BlackBerry, and 1 available for Android and BlackBerry.
Summary of General App Characteristics
The identified apps were categorized in different ways both within and across each store. Overall, identified apps were most often classified as "medical," "lifestyle," or "health and fitness." The cost of apps also varied, with approximately half (n = 138; 49.5%) being free to download (Fig. 1) . The mean cost of the paid apps was CDN$3.44 ± 4.2, and the most expensive app was CDN$45.51. Several free apps were "limited versions" of apps with an associated cost for upgrade. In the case of these "freemium" apps, not all app features were available to users who chose not to pay for an upgrade.
Consumers were provided the option of rating their user experience with each app on a 0 to 5 scale across all stores. However, a large number of apps were unrated (N = 124; 44.4%). Within each store, the average rating was: 3.7 ± 1.1 for Android, 3.8 ±
Self-Management Functionality of Pain Apps
Apps claimed to be capable of providing consumers with several different means to aid in pain self-management. The most common pain self-management functionality claimed by apps was training for pain self-care skills (n = 216; 77.4%). The self-care skills offered by each app varied both in terms of their subject matter and the evidence-base supporting their use. For instance, the self-care skills offered by identified apps included: muscle stretching, self-guided hypnosis, sound-assisted pain mitigation, and acupressure. Other common pain self-management functionalities of currently available apps included pain-specific education (n = 128; 45.9%) and pain self-monitoring, providing users with the ability to track pain over time (n = 53; 19%). Pain education apps generally focused on providing information about the pathophysiology and the etiology of painful conditions. Self-monitoring apps provided users with the ability to track their pain over time, with some providing the ability to enter reports daily or on an ad hoc basis when a person was in pain. A number of apps with self-monitoring functionality included audible reminders to improve adherence with tracking by prompting users to enter pain reports. A minority of these apps also provided users with the ability to track the multidimensional experience of pain by assessing not only pain as a sensory phenomenon, but also as an emotional and cognitive experience. 30 There were a small number of apps with the ability to assist users in engaging in social support (n = 10; 3.6%) and pain-related goal-setting (n = 2; 0.72%). In the case of these apps, social support included the ability to engage with social media outlets (eg, Facebook, Twitter) via the app or app-associated communities where users engage via dedicated message boards. The ability to assist users in goal-setting was the least frequent self-management functionality included in available apps. Goal-setting functionalities allowed users to select goals from lifestyle categories related to pain management, including exercise, treatments and rest, and track their progress with respect to that goal overtime.
Comprehensiveness of Pain Apps
As shown in Table 1 , the relative representation of pain self-management functionality per app in each store varied. A majority of the apps (n = 164; 58.5%) identified through this review included only 1 of the 5 functionalities that were used as criteria to characterize self-management interventions. A total of 106 apps (38%) included 2 of these self-management functionalities. The remainder of apps included 3 (n = 3; 1.1%) or 4 (n = 6; 2.2%) functionalities, and not a single app included all 5 of the self-management functionalities.
App Evaluation
Almost none of the apps included in this review described the engagement of a regulated health care professional in the development of content or functionality. In particular, n = 256 (91.8%) apps did not report any health care professional involvement. Among the 23 apps that did report health care professional involvement, 17 (73.9%) were from Android, 5 (21.7%) were from iTunes, and 1 (4.3%) was from Windows. The BlackBerry store did not contain any apps that reported health care professional involvement.
None of the identified apps were referenced through PubMed or Google Scholar searches. Only a single app (0.4% of all pain self-management apps) described being involved in any scientific evaluation. This app (CatchMyPain) is part of a large-scale longitudinal descriptive study of the multidimensional experience of pain in people living with CP. Finally, no identified apps reported the use of a theoretical model or established clinical rationale as being the basis for app design.
DISCUSSION
This review demonstrated that despite the availability of numerous pain apps across different platforms, few of these apps offer the theoretically and empirically supported strategies typically provided by face-to-face self-management programs. 4, 8, 15 In addition, almost none of the identified apps were developed or evaluated using scientific methods. The Android store contained the largest number of pain self-management apps. This finding is in contrast to a previous app store review, conducted between June and August 2010, which showed that the iTunes store was the most abundant for pain-related apps. 24 This change in distribution is likely due to the more stringent app publication criteria imposed by the iTunes store and the increase in popularity of the Android platform over recent years. 31 The majority of identified apps were free for download, potentially increasing their accessibility to people with pain.
The user ratings of apps across all stores was moderate, with the mean rating of all reviewed pain apps never being <3.1 of 5. Although this is heartening with respect to user acceptability, it is important to note that a large number of apps were unrated (44.4%) or rated only by a small number of users. Without a large sample of reviewers, estimates of true user perceptions regarding apps are imprecise.
Our review demonstrates that there continue to be major limitations in the field of patient-focused pain selfmanagement apps. Namely, current pain apps are characterized by a lack of: (1) integrated features allowing for personalization through goal-setting, self-monitoring, selfcare skills development, education, and social support; (2) involvement of health care professionals in development and evaluation; (3) foundation in current research or behavioral theories; and (4) scientific evaluation either through feasibility or effectiveness testing.
This last finding is in agreement with the results of 3 recent systematic reviews of e-Health and m-Health interventions, which failed to identify any large-scale randomized controlled trials that evaluated the effectiveness of pain apps on health outcomes. [32] [33] [34] Thus, while technologybased intervention (especially smartphone) is a burgeoning field, formal evaluations of impact, level of resource utilization, and user satisfaction have lagged far behind app development. 24, 35, 36 Given the importance of developing the highest quality interventions in terms of evidence-based effectiveness, safety, and patient-centeredness, rigorous scientific testing of available pain self-management apps is much needed.
Needed Content Elements for Pain Self-Management Apps
At present, there is not a widely accepted framework or set of clinical recommendations detailing the key components needed in effective pain self-management programs. However, best clinical practices 37 and qualitative interviewing 18, 38 of people living with pain endorse the inclusion of 5 theory-based functionalities for these programs: self-care skills instruction, pain-related education, self-monitoring, goal-setting, and social support. The personalized self-care instruction functionality should provide "in the moment" access to pain-coping strategies to promote positive changes in mood, behavior, and ultimately pain. Content should be based upon the theoretical underpinnings of cognitive-behavioral therapy, 39, 40 and include self-care strategies such as muscle relaxation, guided imagery, mindfulness, and breathing, as well as problem-solving and communication skills training. Self-care skill assistance is the most common functionality offered by currently available pain apps; however, the quality of this skill assistance is questionable. App developers offer vague descriptions of skills and the evidence base for many of the offered self-care skills is lacking. Without grounding in the best possible evidence, the effectiveness of these apps in assisting people with pain self-management is not known. In this study, pain-related education was the second most common self-management functionality incorporated into current pain apps. This finding could be related to the relatively low cost to developers to include text-based educational material compared with more complex multimedia content (eg, video, audio). Although we did not download and review the educational content of each app, the quality of the material appeared to be generally poor based on the app description and screenshots. The overall lack of health care professional involvement in the development of educational material for apps is also worrisome.
Our search identified apps capable of pain self-monitoring, but these apps were often simplistic and lacked the ability to track the important and complex multidimensional experience of pain. 41, 42 Instead, identified apps focused primarily on monitoring the intensity of pain and often did not collect detailed information about other important components such as pain quality and location. There was also a lack of audible and visual reminders to encourage routine pain data documentation. 43 The goal-setting functionality of apps can enhance self-efficacy, defined as perception of one's ability to successfully produce a desired effect in a task or behavior affecting their life. 44 Effective goal-setting should guide users in setting structured goals aimed at improving pain and functioning. 45, 46 It has been recommended that painrelated goals adhere to the SMART framework-specific, measurable, achievable, realistic, and timed. 47 Only 2 identified apps were capable of assisting users in developing and meeting SMART goals, suggesting this is again an important area for future app development.
Finally, the ability to interact and share coping strategies with others through social support has been suggested to result in improved pain self-management. 48 A minority of available apps (n = 10; 3.6%) provided users with the ability to engage and learn from others with pain. In addition, despite the need for comprehensive functionality, 96.8% of identified pain apps included only 1 or 2 of these important features, suggesting an opportunity for improvement in the breadth of app function.
Limitations
We independently developed a search strategy to scan each app store. Search facilities are an important issue when conducting research on commercially available apps because these online stores do not provide consistent product indexing. We modeled the search after those previously conducted in this area. 24, 25 We also enhanced the search by contacting personnel at each app store for input on search strategies. In addition, although we attempted to be comprehensive in our abstraction of data related to each app, we did not download apps for a thorough review. Instead, we relied on information available on the app store and associated Web sites. It is important to note, however, that most people with pain are likely to follow a similar strategy when choosing apps for their own pain management. Finally, the online app stores currently allow customers to rate their experience using each app on a 0-to 5-point scale. However, none of these store-designed rating scales have defined anchors, which limits our ability to interpret the factors that are driving user ratings.
There is clear scope for future research in the area of consumer-oriented pain management apps. First, research attention should focus on the development of a comprehensive pain self-management app that incorporates both health care professionals and patients in its design. Next, there is a need to rigorously refine and test these apps for effectiveness using high-quality feasibility tests and multicenter randomized controlled trials. Required pain selfmanagement support for patients is also likely to differ based cultural values, age, sex, and developmental stage. Therefore, app design should be tailored to the needs of individual patient groups to improve impact on patient and system outcomes. Finally, there is an important need to develop and utilize standard criteria for the evaluation of medically focused apps, including those for pain. Through the creation of such criteria, apps may be objectively compared, health care professionals may make informed recommendations regarding the prescription of apps, and patients may feel an enhanced sense of safety with app use.
CONCLUSIONS
Overall, this review has shown that although there are a large number of pain self-management apps, the content of most apps is poor. Although there are no established requirements for the necessary elements of pain self-management programs, it is generally accepted that multimodal programming focused on behavior change is needed. Still, the vast majority of available apps include only 1 to 2 selfmanagement functionalities. Health care professional involvement in app development is also needed to improve the clinical effectiveness and relevance of app content. Interestingly, despite recommendations from Rosser and Eccleston, 24 the percentage of apps without health care professional involvement (ie, 91.8% vs. 86.1%) has not improved since 2011. This finding, combined with the lack of both scientific evaluation and content grounding in theory and clinical rationale, means that it is not appropriate for the majority of currently available apps to be recommended to patients. Given a very real potential to improve health outcomes, research is urgently needed to develop a comprehensive, evidence-based, and clinically informed smartphone self-management app for people living with pain.
